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Computer simulations for the CERN muon storage ring conrm the absence of
beam-induced multipacting. Thus electron-cloud build up along the bunch train
is not expected to be a problem.
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We rst describe a few basic considerations on electron-cloud build up, scaling from the
LHC, and then report simulation results. Table 1 lists relevant parameters for the CERN




where a denotes the chamber half aperture, re the classical electron radius, Nb the bunch
population, and Lsep the bunch spacing in units of meters. For the straight sections and arcs
the left-hand side evaluates to 0.002 and 0.036, respectively. The corresponding value for LHC
is about 4. Thus, the parameters of the muon storage ring not only fall into another regime
than those of the LHC, but also are much further apart from the exact multipacting condition.
This will decrease the likelihood of beam-induced multipacting.
A second reason why electron-cloud build up may be suppressed at the muon storage ring
relates to the electron energies. During a single bunch passage, an electron near the wall gains




2  0.01{0.2 eV. This is much less than the corresponding
energy of 200 eV at the LHC [4]. While 200 eV falls near the peak of the secondary emission
yield, electrons at eV energies produce only few secondaries when they hit the wall.
At the LHC there is a quasi-synchronism between the electron motion across the chamber
and the subsequent bunch passages. By contrast, in the case of the muon storage ring, each
electron will experience the eld of many passing bunches. Considering that in this case the
electron motion is approximately determined by the static average beam potential, we expect
that the electrons will reach the opposite side of the wall with an energy about equal to their
initial emission energy, a few eV, and thus do not produce a signicant number of secondaries.
Primary electrons are created by either of three dierent processes: (1) ionization of the
residual gas, (2) photoemission from muon synchrotron radiation [9], and (3) photoemission
from synchrotron radiation emitted by decay electrons [9]. Residual-gas ionization with a cross
section of 2 Mbarn (carbon monoxide) and 50 nTorr pressure corresponds to a primary-electron
creation rate of about 2:5 10−7 per meter. Photoemission from muon synchrotron radiation
can be neglected in comparison, since in a 6-T dipole eld the critical photon energy amounts
to only 1 eV, for which the photoelectron yield vanishes. However, electrons generated by muon
decay will emit more energetic synchrotron radiation before they are lost to the chamber wall.
The resulting photoemission can be estimated as follows. The probability of muon decay is
310−6 m−1, and the typical energy of the decay electrons 18 GeV. In a 6-T dipole eld these
electrons emit about 37 photons per meter with a critical photon energy of 1 MeV, and they
will be lost to the wall after about 2.5 m. Hence the total number of photons emitted per initial
muon is dNγ=ds  310−4 m−1 during a single passage of the muon bunch train. We crudely
estimate the photoelectron yield at 1 MeV as Y   10−3 per photon, by extrapolation from
lower-energy data [10] taking into account the energy dependence of photon-interaction cross
sections [11]. Using the above numbers, we can roughly approximate the total photoelectron
yield per passing muon as Y dNγ=ds  310−7 m−1. The number of photoelectrons generated
by synchrotron radiation from the decay electrons thus appears comparable to the number of
ionization electrons at a carbon-monoxide pressure of 50 nTorr.
We have performed a series of computer simulations using the model and program described
in Refs. [4, 5, 6, 7, 8], for two dierent high values of the maximum secondary emission yield
max, namely 1.9 and 2.5. It was assumed that primary electrons are created at a rate of
2:5  10−7 per meter and muon. In the arcs, this may slightly underestimate the actual
number of primary electrons.
Figure 1 depicts the simulated electron line density for a eld free region of the straight
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Table 1: Relevant parameters of the CERN muon storage ring [2].
beam energy E 50 GeV
normalised emittance γx;y 1.7 mm rad
rms energy spread (p=p)rms 0.5%
number of bunches nb 400
bunch population Nb 3:3 109
bunch spacing Lsep 1.7 m
rms beam size in arc arcx;y 7 mm
radial aperture in arc aarc 2.1 cm
rms beam size in straight section ssx;y 25 mm
aperture in straight section ass 9 cm
rms bunch length z 9{90 mm
section. Even with max = 2:5 there is no exponential electron build up along the bunch train.
The increase in the total number of electrons observed near the head of the bunch train is
not due to amplication by multipacting, but it reflects the long transit time of the electrons.
Note that the nal electron line density is many orders of magnitude below the level of a few
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Figure 1: Electrons per meter as a function of time in seconds during the passage of the
muon bunch train in a eld-free region of the straight section with 90 mm aperture for rms
bunch lengths of 9 and 90 mm and a maximum secondary emission yield max = 1:9 (left) and
max = 2:5 (right).
arc dipole eld; see Fig. 2. Again, the total number of electrons is small and does not grow
signicantly along the bunch train. The simulated electron density scales linearly with the
primary electron creation rate.
From the above considerations and simulation results, we conclude that the CERN muon
storage ring will not be aected by electron-cloud phenomena.
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Figure 2: Electrons per meter as a function of time in seconds during the passage of the muon
bunch train in an arc dipole eld with 21 mm aperture for rms bunch lengths of 9 and 90 mm
and a maximum secondary emission yield max = 1:9 (left) and max = 2:5 (right).
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